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1 Introduction
In TSG RAN#69 plenary meeting, new work item on NB-IOT[1] was approved. For uplink, two options will be considered: FDMA with GMSK modulation (as described in 3GPP TR 45.820 section 7.3, also known as NB-CIoT[2]), and SC-FDMA (including single-tone transmission as a special case of SC-FDMA). 
There are different application scenarios in IoT market. Some scenarios require power efficient with battery life of several years; some scenarios require challenging coverage conditions and some scenarios focus on ultra low cost so that UE should be cheap enough to be deployed on a mass scale. Cost and power consumption of UE in NB-IOT are of vital importance to the development of cellular IoT. In this contribution, we propose the output power classification for NB-CIoT UE to meet the above-mentioned requirements in IoT applications, especially from the view of ultra low cost UE design. 
2 Discussion

2.1 Battery used in IoT application
For most of applications in IoT, low cost and small size are very critical. In many applications such monitoring, remote sensing and telemetry, button cell battery is suitable due to its low cost and small size. Table 1 shows commonly used button cell battery. It is shown that the nominal voltage of button cell battery can be classified into two categories: around 1.5V and 3V. In practical, for button cell battery with 1.5V nominal voltage, the average operation voltage ranges from 1.1 to 1.3V; for button cell battery with 3V nominal voltage, the average operation voltage ranges from 2.5 to 2.8V. These voltage ranges covers nearly 80% of button cell battery's lifetime. Thus, when calculating the valid output power in the whole lifetime of battery, it is suggested that 1.1V and 2.5V should be adopted as the operation supply voltage to ensure the reliability for several years operation time.
Table 1. Commonly used button cell battery[3]
	Letter
code
	Common
name
	Positive
electrode
	Electrolyte
	Negative
electrode
	Nominal
voltage
	End-point
voltage

	L
	Alkaline
	Manganese dioxide
	Alkali
	Zinc
	1.5
	1.0

	S
	Silver
	Silver oxide
	Alkali
	Zinc
	1.55
	1.2

	P
	Zinc-air
	Oxygen
	Alkali
	Zinc
	1.4
	1.2

	C
	Lithium
	Manganese dioxide
	Organic
	Lithium
	3
	2.0

	B
	
	Carbon monofluoride
	Organic
	Lithium
	3
	2.0

	G
	
	Copper oxide
	Organic
	Lithium
	1.5
	1.2

	M,N(withdrawn)
	Mercury
	Mercuric oxide
	Alkaline
	Zinc
	1.35/1.40
	1.1


2.2 On-chip PA and off-chip PA comparison 
In the UE for conventional cellular communications, power amplifier (PA) is one of the largest power consumption modules. One key reason is that in conventional cellular communications, usually non-constant envelope modulations, such as 8-PSK in EDGE, QPSK in UMTS and OFDM in LTE are used to improve data rate and communication performance. Non-constant envelope modulation leads to the requirement of linear PA with low power efficiency, which makes it very difficult to implement on-chip PA with relatively large output power, such as 23dBm. Therefore, in mainstream cellular communication markets, most of UEs adopt off-chip PA. Recently, it was reported that on-chip PA for UMTS was implemented[4], but they use very complicated circuit to improve the output power and linearity, and only achieve around 30% power efficiency. It is obvious that such a complicated approach is not suitable for ultra low cost low power application in IoT applications.
NB-CIoT adopts GMSK modulation for uplink, which facilitates the implementation of power-efficient on-chip PA. The constant envelope characteristic of GMSK modulation with zero Peak-to-Average Power Ratio (PAPR) leads to the feasibility of using nonlinear PA. A nonlinear PA can be operated in saturation for maximum output power with good power efficiency up to around 45%. Another advantage of on-chip PA is cost reduction. The cost of UE is not only from silicon area, but also from packaging. Usually, packaging cost can cover nearly 30% of the total cost of IC chipset in low cost wireless communications. With on-chip PA, the cost of packaging of PA is eliminated, thus further reduce the total BoM cost of UE. In summary, on-chip PA is feasible to output a relatively high power benefited from GMSK modulation, and surpasses off-chip PA in cost reduction. More details on the design of transmitter with on-chip PA in NB-CIoT UE can be found in [5]. 
2.3 Ultra low cost UE with low power supply
Based on the above analysis, the simplified ideal transceiver diagram for an ultra low cost UE in NB-CIoT is shown in Fig.1. The transceiver has the following key features: 1) On-chip PA; 2) Shared single-end RF in/out port, i.e. on-chip RF switch and balun; 3) No Surface Acoustic Wave (SAW) filter at RF port (so-called SAW-less). Besides on-chip PA mentioned above, feature 2) and feature 3) are also of vital importance for cost reduction, since off-chip RF switch and SAW filter are expensive components, even for UE in conventional cellular communication. For IoT applications, which are much more cost-sensitive, these two components are mandatory to be eliminated. Using On-chip PA is the premise of the implementation of feature 2), and feature 2) makes SAW-less transceiver as a must, since NB-CIoT operates in FDD mode. 
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Fig. 1 simplified ideal transceiver diagram for an ultra low cost UE
The output power class regulation is very critical for the implementation of the above three key features. Although with on-chip transformer and single-end output, higher output power under low power supply can be achieved by impedance transformation via on-chip transformer, the parasitic resistance in the circuit will affect the power efficiency significantly due to the decrease of input impedance of transformer. Moreover, the Q value of an on-chip transformer operating in the range of 700MHz to 900MHz is relatively low, which also decreases the power efficiency for large output power under low power supply. Currently, low power low cost chips in mainstream non-cellular communication market usually have a maximum output power of 20dBm, especially for operation frequency below 1GHz.
Based on the above analysis, we propose the power class in NB-CIoT to facilitate on-chip PA implementation with low cost small size button cell battery. Based on state of art of on-chip PA design in CMOS process, if the supply voltage is down to 2.5V, an on-chip PA with single-end output can output 19dBm with good efficiency. If the supply voltage is down to 1.1V, an on-chip PA with single-end output can output 13dBm with good efficiency. In consideration of insertion loss of PCB and antenna, the output power from antenna is around 18dBm for 2.5V power supply and around 12dBm for 1.1V power supply, respectively. Therefore, 12dBm and 18dBm can be defined as the output power classes for UE in CIoT.
3 Conclusions

In summary, to facilitate UE implementation in the ultra low power consumption and ultra low cost applications, 12dBm and 18dBm can be defined as the output power classes in NB-CIoT. Moreover, above discussions are based on the option of FDMA with GMSK modulation for uplink, i.e. NB-CIoT. Another option of SC-FDMA is not considered since its high PAPR make it unsuitable for ultra low power consumption and ultra low cost applications. 
Proposal 1: Adopt the option of FDMA with GMSK modulation for uplink in NB-IOT.

Proposal 2: At least 2 output power classes should be defined for UE: 12dBm and 18dBm.  
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